Abstract: Aim -This study was a retrospective evaluation of morbidity indicators and the use of questionnaire in decisions that relate to Schistosoma haematobium infection control among primary school children in Ghana. Materials and Methods -In all, 417 pupils in three primary schools (Kasseh sub-District, Dangme East District, Ghana), provided urine samples, which were examined for S. haematobium ova. The study utilized a structured questionnaire, the Urit 10V multi-stick urine reagent strips and the filtration method. Results -Overall, prevalence by microscopy was 20.9% (requires targeted treatment once every two years), and was higher (14.0%) among the 10-15 years age group (χ 2 =22.44, p<0.001). The lowest prevalence was among the <6 (0.5%, 2/417) and ≥19 (1.4%, 6/417) years age groups. There was no significant difference in prevalence among females (7.9%, 33/417) and males (12.9%, 54/417) (χ 2 =2.58, p=0.108). Self-reported haematuria was 43.2% (targeted treatment once a year). There was a significant difference between female (16.1%, 67/417) and male (27.1%, 113/417) responses to self-reported haematuria (χ 2 =4.170, p<0.001). A lower consolidated mean prevalence of 11.7% was estimated among pupils who had ova in their urine and also exhibited three morbidity indicators (haematuria, leucocyturia and proteinuria). Combined and averaged sensitivity and specificity estimations (sensitivity = 55.4%, specificity = 67.8%, Positive Predictive Value (PPV) = 53.4%, Negative Predictive Value (NPV) = 64.2%) of these morbidity indicators, was insufficient in equalizing the reliability of ova quantification. With the exception of leucocyturia, which was common among all pupils, 28.75% (25/87) of the infected individuals did not have any form of haematuria or proteinuria. Out of these, one pupil had heavy ova intensity (80 eggs/10ml of urine) while the remaining 24 had low ova intensity infection (1-44 eggs/10ml of urine). Questionnaire correctly identified 56.3% of pupils with S. haematobium ova in their urine, also reporting bloody urine (PPV=27.2%; NPV=84.0%). It also identified 49.4% of pupils with ova, reporting painful urination (PPV=26.1%, NPV=82.5%). Conclusion -This study emphasizes the relevance of evaluating the criteria for interpretation of morbidity indicators, prior to their field application. Questionnaire use remains key for surveillance purposes, to determine the presence of the infection in an area. Future studies should consolidate similar data elsewhere in Ghana for a better understanding of morbidity indicators and questionnaire use for decisions that relates to control strategies.
Introduction
Available data indicate that urinary schistosomiasis is endemic in Ghana [1, 2] . Consistently, intermediate host snail elimination has not been cost effective, due to the negative impact molluscicides have on the ecosystem [3] . Contemporary initiatives to reduce the burden in Ghana and globally is largely on praziquantel use, depending on the prevalence obtained in a particular area [4] . Prevalence data, currently, is based on detection of parasite ova in urine. Other studies have shown varying trends with morbidity indicators (haematuria, proteinuria and leucocyturia) as being comparable to microscopy in rural settings. In Ghana and elsewhere, macro and microhaematuria are known to be the major indicators of infection with Schistosoma haematobium [5] [6] [7] [8] . The use of questionnaires has been described as rapid, relatively inexpensive, and is not markedly inferior to other techniques [5, [9] [10] [11] . This is explained by the fact that S. haematobium infection is easily perceived through haematuria. It is ranked as one of the best options for field use in surveillance, mass treatment and epidemiological studies. A major challenge of bias arise due to the stigma attached to passing blood in urine in the peri-urban and urban areas, making it difficult for people to respond truthfully, even when the symptoms are present. The usefulness of questionnaire (especially, asking study participants whether they see blood in their urine) as a diagnostic tool in the estimation of prevalence has not been exploited in Ghana. This is crucial, also with regards to other developing countries, given the limited resources, logistical and technical constraints associated with estimating prevalence by microscopy.
This current study explored the reliability of three morbidity indicators and questionnaire in determining prevalence of urinary schistosomiasis in the Kasseh East sub-District (Ghana).
Material and Methods

Study area
The study was conducted in three primary schools located in three different communities, Afiadenyigba, Dorgobom and Tojeh in the Kasseh sub-District, of the Dangme East District (Figure 1 ). The district is less than 100 km East of Accra, and is typically coastal savannah, consisting of grass with isolated patches of scrubs and trees. The area is characterized with very low humidity and has the least precipitation in the coastal zones of Ghana. 
Study design and population
The study was cross-sectional, and pupils were recruited by voluntary participation after informed consent had been obtained from their teachers and parents with their assent. Urine samples were collected and examined for S. haematobium ova. In all, 206 pupils from Afiadenyigba, 95 from Dorgobom and 116 from the Tojeh District Assembly (D/A) Primary Schools consented and participated in the study.
Ethical clearance
Ethical clearance was obtained from the Institutional Review Board (IRB) of the Noguchi Memorial Institute for Medical Research (NMIMR).
Questionnaire administration
Personal information including name, sex, age, and place of residence were collected by questionnaire interview (Appendix 1). Questionnaires also obtained information on their knowledge, practices, risk of exposure to infection and treatment history for urinary schistosomiasis.
Collection and examination of samples
Urine samples were collected in appropriately labeled sterile containers with screw lids. Containers were given to pupils for collection the same day between the hours of 11:00 and 14:00 hrs GMT when egg excretion is known to be highest [12] . These were kept in an ice chest and transported to the laboratory for processing and examination within 24 hours. Samples were visually assessed for macrohaematuria, followed by the use of Urit 10V multi-stick urine reagent strips (Urit Medical Electronic Company Ltd) to detect microhaematuria, leucocyturia and proteinuria [13] . Egg/10 ml of urine for S. haematobium was determined and categorized into low and high intensity [4] . 
Data analysis
Questionnaire, morbidity indicators and parasitological data were computerized using SPSS (Version20.0: SPSS Inc, Chicago IL). Questionnaire responses were analysed for level of knowledge, practices, risk of exposure to infection and treatment history, whilst the prevalence of parasites detected were determined by frequencies. Associations between parasitic infections and their risk factors were estimated using Prevalence Odds Ratios (PORs). Table 1) .
Results
Demographics of participants
Prevalence by microscopy
Out of the total, 20.9% (87/417) had parasite ova (Figure 2 
Figure 2. Prevalence of S. haematobium infection among the three D/A Primary Schools
With regards to prevalence among age groups, the 10-12 and the 13-15 years age groups had a prevalence of 7.0% (29/417) each. The remaining age groups had prevalence below 3% (Table 4 ). The lowest prevalence occurred among the <6 (0.5%, 2/417) and ≥19 (1.4%, 6/417) years age groups.
Sensitivity and specificity of semi-quantitative methods
Participant's microscopy results were matched with the urine chemistry tests for comparison. Of the total, 2.9% (12/417) had macroscopic blood and as well had ova in their urine. Urine chemistry tests performed showed that 10.8% (45/417) had microhaematuria, and ova as well (Sensitivity = 40.9%; Specificity = 95.2%; PPV = 69.2%; NPV = 85.8%). All participants parasite ova were positive for urinary leucocytes (Sensitivity = 100.0%; Specificity = 0.0%; PPV = 21.1%; NPV = 0.0%). Proteinuria was also detected in 13.9% (58/417) of the participants who also had ova (Table 2 ). Further deductions indicates that, of the ova positive individuals, 86.4% (76/87) had no macrohaematuria, 33.3% (29/87) had no proteinuria, while 59.8% (52/87) were also negative for microhaematuria.
Intensity of S. haematobium ova and the presence of morbidity indicators
Of the total that was ova positive, 79.3% (69/87) were in the low intensity category, while the remaining 20.7% (18/87) were of high intensity. A total of 6,469 eggs/10ml of urine were counted among the 87 participants (an average of 74 eggs/10ml of urine per pupil). Highest ova count per individual was 2,179 eggs/10ml of urine, while the least was 1 egg/10ml of urine. The number of low and high intensity infections peaked among 10-12 and 13-15 years age groups. The In all, 45 pupils were microhaematuria positive and also positive by microscopy. All ova positive participants also had leucocyturia (Table 3) . Of the number positive, 25 had no haematuria and proteinuria. Of these, 24 were of low intensity, while one (1) was heavily infected.
Analysis of selected questions
The four major questions considered for analysis are as follows:
1. W -"Do you know that urinating blood is a disease"? Overall, 42.2% (176/417) knew that passing blood in ones urine is a disease. Of this number, 29.0% (51/176) were positive by microscopy ( Table 4) . Out of the remaining 241 who responded "no" to this question, 14.9% (36/241) were positive by microscopy (data not shown). No. +ve -Number positive by microscopy who responded "yes" to questions WXYZ. & No. +ve -Number positive by microscopy alone among the age groups. W -"Do you know that urinating blood is a disease"? X -"Do you bath/play games when you visit the water body in your community"? Y -"Have you been passing blood in your urine recently"? Z -"Do you feel pains when urinating"? 2. X -"Do you bath/play games when you visit the water body in your community"?
With regards to water contact, which describes Prevalence of Exposure, 29.7% (124/417) responded "yes" to bathing and playing games in a water body in their communities. Out of this number, 17.7% (22/124) had S. haematobium parasite ova in their urine. Out of the total number of participants, 293 responded that they do not bath or play games when they visit the water body in their various communities. Out of this number 22.2% (65/293) had parasite ova in their urine (Table 4 ).
3. Y -"Have you been passing blood in your urine recently"? With regards to the above question, 43.2% (180/417) responded "yes" to passing blood in their urine in recent times ( Table 4) . Out of this number, 27.2% (49/180) had parasite ova in their urine. In this category, 237 responded "no" to passing blood in their urine, out of which 16.0% (38/237) were positive for parasite ova (POR=0.7566, CI: 0.43-0.80). There was a significant difference between female (16.1%, 67/417) and male (27.1%, 113/417) responses to self reported haematuria (χ 2 =4.170, p<0.001).
Of the 180 participants who had been passing blood in their urine, 58.9% (106/180) through further responses to other questions (data not shown), visited the hospital/health centre for treatment. In addition 10.0% (18/180) reported using herbal medicine, which they couldn't mention, 11.7% (21/180) used medicine bought from the drug store, 11.7% (21/180) did nothing about it, while 7.8% (14/180) did not respond to the question.
Z -"Do you feel pains when urinating"?
Concerning painful urination, 39.6% (165/417) responded in the affirmative. The remaining 252 participants responded not feeling any pains while urinating (Table 4) . Out of this number, 17.5% (44/252) had parasite ova in their urine.
When participants were asked what they did about the pain experienced while urinating, 62.4% (103/165) visited the hospital / health centre, 9.7% (16/165) used herbal medicine, which they couldn't name, 10.9% (18/165) used medicine bought from the drug store, 12.1% (20/165) did not do anything about it, while 4.8% (8/165) didn't respond to the question (data not shown).
Intensity categorization and results from individuals with 'no ova seen' in their urine was cross tabulated with the outcomes of the selected questions (Table 5 ). In questions 'Y' and 'Z', although 31.4% (131/417) and 29.3% (122/417) confirmed urinating blood and painful urination respectively, there was no parasite ova seen in their urine. Of the total, 7.0% (29/417) and 2.2% (9/417) responded not seeing blood in their urine but had low and high intensity respectively (Question Y). With regards to painful urination (Question Z), 8.2% (34/417) and 2.4% (10/417) answered 'no' to painful urination but had low and high intensity infection respectively.
Sensitivity and specificity of questions 'Y' and 'Z'
Microscopy results were compared with answers from questions 'Y' and 'Z' to estimate the appropriateness of questionnaire use in determining prevalence (Table 6 ). Questions 'Y' and 'Z' respectively identified correctly, 56.3% and 49.4% of individuals positive by microscopy. With regards to specificity, 'Y' and 'Z' respectively wrongly identified 39.7% and 37.0% as being infected with S. haematobium. There is only 27.2% and 26.1% chance for 'Y' and 'Z' respectively to correctly identify that anyone who responds 'yes' by questionnaire has ova in his or her urine (PPV). Also, there is 84.0% and 82.5% chance for questions 'Y' and 'Z' respectively, that anyone who responds 'no' to urinating blood has no ova in urine (NPV).
Discussion
Prevalence and intensity estimates from microscopy are extrapolated to establish infection trends in entire communities, and to influence nationwide control strategies. However, limited resources and technical challenges faced have led to the use of urine chemistry reagent strips and questionnaire for establishing preliminary data for mass drug administration.
A prevalence of 20.9% was established from microscopy in this study, with no significant difference among males and females (χ 2 =2.582, p=0.108). This overall prevalence is categorized as 'moderate' by the World Health Organization (WHO) [4] , which recommends that both enrolled and non-enrolled children in the study area are treated once every two years. In Ghana, treatment regimens have been based on foreign sponsorships and are therefore not consistent over the years. A significant proportion (χ 2 =22.442, p<0.001) of prevalence (14.0%) was however found among the 10-15 years age group. There is an existing trend of high infectivity among this age group in Ghana and other Sub Saharan African countries due to their exploratory nature, especially when they have the freedom to play around in water bodies located in rural communities.
Prevalence due to macrohaematuria alone (3.6%) and the use of urine chemistry reagent strips gave varying treatment recommendations compared to that of microscopy. Their sensitivities were also low but with appreciable specificities. Leucocyturia singled out to have the highest sensitivity but with zero specificity, since all the participants were positive with varying categorization (+ and ++). This study shows that the use of leucocyturia alone is grossly inappropriate as a morbidity indicator for urinary schistosomiasis. A consolidated average of 11.7% of participants who had ova in their urine, had haematuria, leucocyturia or proteinuria. Significantly, of ova positive individuals, 86.2% had no macrohaematuria, 33.3% had no proteinuria and 48.3% had no microhaematuria. Clearly most infected participants had no morbidity signs, making it obvious that decision making should not be based entirely on presumptive diagnosis.
Earlier studies elsewhere have suggested that the combination of proteinuria and haematuria [14, 15] or a combination of proteinuria, haematuria and leucocyturia readings [16] may increase the sensitivity and specificity of the detection of S. haematobium infection. Results from this study are suggestive that these morbidity indicators and their combinations are not sufficient for screening purposes that are meant for decision making towards treatment.
Gross haematuria in school-age children is a widely recognized clinical manifestation of S. haematobium infection. In this current study, visual inspection of the urine specimens identified only 2.9% of the infected children. No studies of entire communities in endemic areas in Ghana are available to indicate the proportion of cases of haematuria, which may be due to other causes. Only 8.0% had macrohaematuria with heavy intensity, while 5.7%, also with macrohaematuria were lightly infected. The low frequency of gross haematuria from infected children indicates that other causes may be relatively infrequent. This current study is contrary to the established effectiveness of the use of morbidity indicators for control programmes to reduce morbidity due to S. haematobium infection.
A total of 25 infected individuals did not have any form of haematuria and proteinuria. Out of these, one pupil had heavy intensity (80 eggs/10ml of urine) while the remaining 24 were of low intensity infection (1-44 eggs/10ml of urine). Leucocyturia was common among all pupils infected. In low resourced countries, including Ghana, low intensity leucocyturia is considered normal. However, medical laboratory reports that indicates about 20-30 pus cells (leucocytes) is interpreted as urinary tract infection, where in the absence of microbiological culturing facilities, are treated with broad spectrum antibiotics.
Existing information in endemic areas around the Volta Lake in Ghana showsup to 30.0% of S. haematobium infections with 2 eggs/5ml of urine going undetected by examination of a single urine specimen, using the filtration method [17] . This current study doubled the urine volume to 10 ml of urine and was able to detect as low as 1 egg/10ml of urine in 25.3% of infected participants. Future studies could increase volumes of urine provided by study participants to observe the outcomes.
From the four main questions considered for analysis, 42.2% knew that passing blood in urine is a disease. The remaining didn't know of the major characteristic symptom of S. haematobium infection, although they were living in an endemic area. This is quite significant because 14.9% (36/241) of this number remaining were positive by microscopy and were passing bloody urine or had previously passed bloody urine. Extensive school and community health education must be intensified to increase knowledge and health seeking behavior among schools and the general populace in endemic rural communities.
Prevalence based on exposure was estimated to be 29.7%, where 17.7% were positive by microscopy. Among the 293 who disclaimed any water contact, 22.2% had ova seen in their urine. This is evident from the biases that have been described from various questionnaire studies elsewhere. Improved ways of questioning and education must be employed to draw relevant answers from participants in future primary school studies, without influencing their choice.
Of the total number of participants, 43.2% responded seeing blood in their urine. This is categorized as high prevalence according to the WHO Technical Report Series [4] . Out of this number, 27.2% were also ova positive. Both percentages obtained are greater than the overall microscopy prevalence of 20.9%. Over-reliance on prevalence by questionnaire could lead to overapplication of control strategies in peri-urban areas, although in our view it could be beneficial for rural communities in low resourced countries where control strategies are mostly sponsored. It is worth noting that out of 237 pupils who had answered 'no' to passing blood in their urine recently, 16.8% were ova positive. Of the 108 who responded 'yes' to passing bloody urine, 58.9% (106/180) had sought medical treatment from a hospital/health centre. The remaining 41.1% reported diverse treatment options, with some doing virtually nothing about the situation. We recommend studies involving adults, where questions relating to their past, recent and future local treatment options in their communities will be documented. Pharmacokinetics of local herbal remedies to urinary schistosomiasis should be investigated for refinement and subsequent trials.
Findings from studies among Kenyan school children had revealed that prevalence of self-reported haematuria was lower among females than among males of all ages [11] . This is in consonance with this study which also found a significant difference between female (67/417) and male (113/417) responses to self reported haematuria (χ 2 =4.170, p<0.001). Females at their pubertal ages may probably consider haematuria as normal, as they are educated locally through pubertal initiation rituals, compared to males who will find it very strange and probably dreaded, making males seek medical attention.
With regards to painful urination, 39.6% responded in the affirmative with 43/165 being positive by microscopy. Remarkably, of the 252 who responded 'no' to painful urination, 17.5% had parasite ova in their urine. Possibly these participants were not experiencing the symptom, or did not provide the right answer. This is so, although questions were explained in their local language by teachers of the participating schools and community field workers. With treatment seeking behavior, 62.4% who had painful urination visited the hospital/health centre. Others, 9.5%, who used herbal medicine could not name the type of herbal preparations and quantities prescribed. Further studies should ask adults of the type of local preparations they use for the treatment of painful urination.
The sensitivity and specificity of questionnaire was estimated alongside the gold standard to compare its effectiveness in determining the WHO criteria for treatment in rural and periurban areas. This was done using questions on haematuria (Y) and painful urination (Z). Sensitivity and specificity estimates for both were low and cannot be relied on to determine the WHO criteria for treatment. The study however estimated an NPV of 84.0% and 82.5% for Y and Z respectively. Therefore, every pupil who responded 'no' to passing blood in urine has 84.0% chance of not passing ova in urine. Likewise, there was 82.5% chance of not passing out ova if the response to painful urination was 'no'. It was estimated that the probability of being ova positive by microscopy, following a 'yes' response to haematuria or painful urination is <30.0% (PPV). There is a direct association between the PPV obtained and the percentage of participants who were ova positive, although it is not directly dependent. Future studies may have to modify how questions are explained to study participants and consider retraining teachers and community volunteers who greatly support such studies.
Conclusion
Screening procedures focused on morbidity indicators alone will not be suitable to recognize a large fraction of persons infected by S. haematobium in defined populations. In addition, questionnaire though useful, might not be appropriate in establishing existing control strategies and treatment guidelines from the WHO. It could however be useful for surveillance purposes.
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